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Abstract 
This work is part of the development of local materials such as clay and fiber alfa in the north of Morocco. These materials are 
abounding, natural and renewable, they have thermal properties very interesting. Our objective is to study the fiber alfa effect on 
the thermal characteristics of clay based materials. For this reason we mix the clay (chosen as base material) with different 
percentages of fibers alfa (0.5%, 1%, 2%, 3%, 4%).Then we compare the properties thermo physical of this new material with 
those of clay only, to motivate the proposal to use this material as insulation in rural construction. This comparison of the energy 
performance of these two materials will enable us to deduce that the new material is less effusif than clay alone, its lightness 
exceeds that of clay only, and its use as brick walls should give an energy saving over 30%. 
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1. Introduction 
    The use of a composite material requires first of all the knowledge of its thermo-physical ownership, especially if 
it is about a natural, lasting and environmental material. 
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    The objective of this job is to characterize ownership thermophysical by a new material based on Clay and alfa 
fiber (Fig.1). In order to do that, we base principally on the method of the hot plan transitional [13] (because this one 
allows to characterize the thermal effusivity E), and also method of hot plan in regime permanent [2,3] to determine 
thermal conductivity. Certain studies have already established and published on materials at the root of clay and 
alfa. Laaroussi, A. Cherki [4] studied Thermal properties of a sample prepared using mixtures of clay bricks. 
    Also, Pierre Meukam [5] studied the mechanical and thermal characteristics of the bricks of earth stabilized with 
the aim of use in building. 
    O. Bahloul et al [6] had as objective to determine the effect of fibers alfa on the mechanical and thermal 
resistance of mortar of cement.  
Finally, Martin R [7] studied the strengthening of the earth by vegetable fibers. These references show interest that it 
introduces clay (earth) and alfa fiber, which are abounding materials in Morocco, likely to be exclusive materials in 
the applications of thermal. 
 
Fig. 1. View of studied samples (clay +alfa). 
2. Used materials 
2.1. Clay (earth) 
    In this study, we use clay from the region of Ksar Elkebir (northern Morocco) whose main chemical 
characteristics are given in Table1. 
           Table1 
           Chemical analysis of used clay. 
  Constituents 
  SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 P.F Total 
percentages 
(℅) 45,79 15,68 12,83 0,17 6,26 9,6 3,54 1,39 2,84 0,6 0,31 99,01 
 
2.2. Fibre alfa (stipa tennacissima T) : 
    The fibers of alfa (Fig. 3) are retained for reasons of availability and economy. 
Fibers Alfa are in most cases composed of 45 % of cellulose, 24 % of hémicellulose, 24 % of lignine,  
2 % of cinder and 5 % of wax [8]. The beams of fibers alfa are characterized by a medium diameter of 113 μm (90-
120μm) and a density of 0, 89 g.cm-3 [9]. 
    On top of that fibers alfa have stems which are hard, long and thick, the analysis of view electronic microscope 
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with sweeping (MEB) (Fig.2) shows that the surface of the stem is harsh what allows to create a very good link 
between fibers and clay. 
2.3. Water of mixing  
    After several tries of estimate of the quantity of necessary water to thin the pate of clay and have a normal 
consistency, we found that the quantity of water must prove following relation: 
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With Ea and A are respectively the quantity of water (g) and the quantity of clay dryness (g).  
 
 
Fig. 2.Picture MEB of a surface of fiber alfa and its enlargement [10]. 
 
 
Fig.3. The different masses of alfa used 
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3. Preparation of samples 
    We preceded the preparation of samples on which will be based our job: we fill the apparent volume by fibers 
alfa, then we add mortar of clay so that clay occupies the space inter-alfa. We prepared samples (Fig. 3), every three 
sample corresponding to a percentage of alfa very definite (0.5%, 1%, 2%, 3%, 4%) to take into account the effect 
of addition of fibers on thermophysical ownership of middle. Besides, we prepared three samples of the only clay, 
having the same dimensions as the others, to compare the variation of thermophysical ownership some mixture, in 
function of the percentages of alfa, with those of the only clay.  
Samples are kept in a étuve in a temperature of 60°C, to eliminate present humidity in the pores of every sample, 
they are dried up to a constant mass. Afterwards, we measure their dry masses then we wrap them in plastic bags so 
that they keep a content of uniform water almost zero. The measurements which we shall perform will then be taken 
on these dry samples. 
    The table 2 introduces the different samples and their densities: 
 
                       Table 2 
                       Characteristics different studied samples. 
 
Samples Percentages of 
fibers alfa (℅) 
 Numbers of   
samples   
medium densities 
(kg/m3) 
R1 :100℅ Clay 0 3 2213.19 
E2 : 0.5℅ Alfa 0.5 3 2075.60 
E3: 1℅ Alfa 1 3 1916.70 
E4: 2℅ Alfa 2 3 1806.66 
E5: 3℅ Alfa 3 3 1642.97 
E6 : 4℅ Alfa 4 3 1583.25 
 
4. Theoretical approach of the measure of thermal effusivity 
4.1. Method of the hot plate centered in permanent regime for the determination of thermal conductivity  
    Thermal conductivity was determined by method plate hot centered in permanent regime [2, 4]. This method is 
based on the measure of the temperature in the centre of the heating element interposed between the sample and the 
foam of polyethylene, Fig.4 illustrates the fundamental schema of method, the sample, of dimensions 30 x 100 x 100 
mm3 is put on a heating element of section 100 x100 mm ² equal to that of the sample. They put, under the heating 
element, an insulating foam of dimensions 10 x 100 x 100 mm3 and of conductivity of 0.04 W.m-1. K-1, so that the 
majority of the flux of warmth, issued by the heating element, pass towards the sample to be characterized (from 
above). The assembly sample, heating element and insulating foam is put between two blocks of aluminum of 
dimensions 50 x 100 x 100 mm3, these last have as role, thanks to their big conductivity, to make attain the system 
towards thermal equilibrium as quickly as possible. 
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Fig.4. Experimental device of the Hot Plate method in steady state regime. 
 
    One thermocouple is glued together on the centre of the lower face of the heating up element to measure the 
temperature T0, other one to measure the temperature T1 of the not heated face of the sample and a third to measure 
the temperature T2 of the not heated face of the insulating foam. With this shape, we can write: 
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Ø1 the heat flux through the sample, Ø2 the heat flux through the insulation foam, Þ the total flux emitted by the 
heating element. ɉଵ the thermal conductivity of the sample as we seek to determine, ଵ the thickness of the sample. 
ɉଶ ൌ ͲǤͲͶǤିଵିଵ and ଶ= 10 mm are successively thermal conductivity and thickness of the insulating foam. 
But the heating element is an electrical resistance R dissipating a heat flux by Joule effect when it is crossed by an 
electric current électrique (I) under the effect of a voltage (U), so:   
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Combining equations (2) and (3):  
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Equation (4) allows us to determine the thermal conductivity of the sample once the system reaches the steady 
state regime.  
4.2. The method of Hot plate in transitional regime to measure the thermal effusivity 
    The thermal effusivity is measured by using the method of the transitional hot plate [1,4]. We used here the recent 
asymmetrical experimental implement (represented on the fig.5).An element of heating plan having the section of 
10x10 cm2 is put under the sample. One thermocouple of type K with two sons accomplished with a 0,005 mm 
diameter is glued together on the lower face of the heating element. 
    An element of heating plan having the section of 10x10 cm2 is put under the sample. One thermocouple of type K 
with two sons accomplished with a 0,005 mm diameter is glued together on the lower face of the heating element. 
This arrangement is disposed between two extruded polystyrene blocks having a thickness of 5 cm fixed between 
two aluminum blocks with a thickness of 4 cm. 
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Fig. 5. View and schema of the experimental Hot Plate . 
    The flux of warmth is sent to the heating element and the transitional temperature T (t) am recorded . Since the 
thermocouple is in contact with polystyrene that is a deformable material, the presence of the thermocouple does not 
increase the thermal contact resistance between the heating element and the polystyrene. Furthermore, since 
polystyrene is an insulating material, this thermal resistance will be neglected. The system is modeled with the 
hypothesis that the heat transfer remains unidirectional (1D) at the center of the sample during the experiment. 
Considering the very low value of the heat flux reaching the aluminum blocks through the polystyrene and their high 
thermal capacity, their temperatures are supposed equal and constant. 
Within these hypotheses, one can write: 
 
൤
ߠ
ߔ଴ଵ
൨ ൌ ൤ ͳ Ͳܿ௛ ͳ
൨ ቂͳ ܴ௖
Ͳ ͳ
ቃ ቂܣ ܤܥ ܦቃ ൤
ܣ௜ ܤ௜
ܥ௜ ܦ௜
൨ ൌ ൤
ܣଵ ܤଵ
ܥଵ ܦଵ
൨ ൤
Ͳ
ߔଵ
൨ሺ͸ሻ
൤
ߠ
ߔ଴ଶ
൨ ൌ ൤
ܣ௜ ܤ௜
ܥ௜ ܦ௜
൨ ൤
Ͳ
ߔଶ
൨ሺ͹ሻ 
 
With: 
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θ is the Laplace transform of the temperature T(t), ߔ01 the Laplace transform of the heat flux density living the 
heating element (upstream), ߔ02 the Laplace transform of the heat flux density living the heating element 
(downstream), ߔ0 the Laplace transform of the total heat flux density produced in the heating element, ø0 the heat 
flux density produced in the heating element, Ch the thermal capacity of the heating element per area unit. 
Rc the thermal contact resistance between the heating element and the sample, ߔ1 the Laplace transform of heat flux 
density input on the upper aluminum block, ߔ2 is the Laplace transform of heat flux density input on the lower 
aluminum block. 
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724   Yassine Elhamdouni et al. /  Energy Procedia  74 ( 2015 )  718 – 727 
ܣ௜ ൌ ܦ௜ ൌ ܿ݋ݏ݄ ቌඨ
݌
ܽ௜
݁௜ቍ Ǣ ܤ ൌ
ݏ݄݅݊ ቆට
௣
௔೔
݁௜ቇ
ߣ௜ට
௣
௔೔
Ǣ ܥ ൌ ߣ௜ඨ
݌
ܽ௜
ݏ݄݅݊ ቌඨ
݌
ܽ௜
݁௜ቍሺͳͲሻ 
E the sample thermal effusivity, ρc the sample thermal capacity, e the sample thickness, λi the Polystyrene thermal 
conductivity, ܽ௜ the Polystyrene thermal diffusivity, ݁௜ the Polystyrene thickness.  
Combining those five equations, the system leads to: 
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The principle of the method is to estimate the value of the parameters E, Rc and Ch that minimize the sum of the 
quadratic error ߖ ൌ σ ൣ ௘ܶ௫௣൫ݐ௝൯ െ ௠ܶ௢ௗ൫ݐ௝൯൧
ଶே
௝ୀ଴  between the experimental curve and the theoretical curve 
calculated with relation (11). The inverse Laplace transformation is realized by use of the De Hoog algorithm [12]. 
 Results and discussions:  
4.3. Method of the hot plate centered in permanent regime for the determination of thermal conductivity 
    The application of this method in samples allowed to characterize their thermal conductivity in function of  the 
percentages of alfa (Fig. 6). 
Fig. 7 shows that the thermal conductivity is diminished  in function to the growth of the percentages of fibers, this 
is perfectly logical since the more we augment the percentages of fibers, the more the sample contains pores which 
are at the origin of this reduction. 
Thermal conductivity is diminish in a significant way in function of the density of sample, so that the sample 
becomes less insulating with the growth of its density (table 3). The presence of fibers alfa makes the lighter sample 
and ameliorates its thermal insulation 
 
 
Fig.6. Evolution of thermal conductivity in function of percentages alfa. 
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            Table 3 
            The thermal conductivity of the different samples studied in function to density. 
Samples Percentages 
fibers (℅) 
medium 
densities 
 (kg / m3) 
Conductivity thermal 
(W.m-1. K-1) 
Error of measure of 
Conductivity thermal 
(℅) 
 
R1 :100℅ Clay 0 2213.19 0,938 0.72 
E2 : 0.5℅ Alfa 0.5 2075.60 0,683 0.95 
E3: 1℅ Alfa 1 1916.70 0,64 0.75 
E4: 2℅ Alfa 2 1806.66 0,509 0.93 
E5: 3℅ Alfa 3 1642.97 0,419 0.99 
E6 : 4℅ Alfa 4 1583.25 0,372 0.89 
 
4.4. Thermal effusivity by the asymmetrical transitional method of the hot plate 
    For every thermogram obtained further to experimentation, we apply the method of Levenberg-Marquard [13] to 
identify parameters (E, ρc, Rc, Ch) which minimize the gap between the thermogram experimental and the 
thermogram simulated relating to the model 1D of the method of hot plan. 
    Table 4 represents the results of identification of the thermal effusivity of samples, corresponding to a tmax 300s. 
The thermal effusivite decreases as a function of percentage of fiber alfa , this is mainly caused by the fact that more 
than one has a growth of the percentages of fibers, more material is becoming more and more porous, therefore the 
speed propagation of heat idling under the effect of the air pockets, Where the material becomes less effusif.  
 
       Table4.  
       The values of thermal effusivity in function of the percentages of grains alfa. 
Samples 
 
 
Percentages fibers alfa (℅) 
 
 
E (J.m-2.K-1.s1/2) 
 
 
Measurement error 
(%) 
 
R1 :100℅ Clay 0 1244,14 0.74 
E2 : 0.5℅ Alfa 0.5 1040,98 0.82 
E3: 1℅ Alfa 1 983.01 1.2 
E4: 2℅ Alfa 2 851.90 0.98 
E5: 3℅ Alfa 3 739.50 0.65 
E6 : 4℅ Alfa 4 688 1 
5. Practical interest of this new composite material 
     This experimental study of the thermal ownership of this new composite material based on clay and alfa fiber 
was made with the intention of its use as outside wall.  
If they compare between both outside walls constituted by (the new composite material and other one in the only 
clay) having the same thickness and are subjected to the same gradient of temperature, they can deduct the report of 
the flux of warmth which crosses two of these walls: 
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This allows the calculation of the economy of energy by using the new material as outside wall: 
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
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We apply relations (12) and (13) for the different samples and we obtain the economy of energy in function of 
percentages of fibers. 
We can also determine the report of lightness from the following relationship:  
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
Table 5 presents the report of lightness and the energy economy that we can win by report to the clay only for each 
type of samples: 
                                    Table 5 
                               Energy savings and report of lightness of samples (clay+ alfa) compared with only clay. 
Samples 
 
Energie saving  
(%) 
Report of lightness 
(%) 
R1 :100℅ Clay - - 
EA2 : 0.5℅ Alfa 27.18 6.21 
EA3: 1℅ Alfa 31.77 13.39 
EA4: 2℅ Alfa 45.73 18.36 
EA5: 3℅ Alfa 55.33 25.76 
EA6 : 4℅ Alfa 60.34 28.46 
 
     Then we trace the evolution of these two parameters (energy economy and lightness report) as a function of the 
percentages of fiber alfa (Fig. 7) . 
     According to the Fig. 7 we notice when we increase the percentages of fibers, the energy economy and the report 
of lightness increases so that the sample becomes more and more insulation with the energy economy maximum 
(case of 4 ℅ alfa). 
 
 
Fig.7. The evolution of energy economy and the report of lightness as a function the percentages of fibers alfa. 
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7. Conclusion 
     This article represents the study of alfa fiber effect on the thermal behavior of a clay-based material. 
The conductivity and the thermal effusivity, contribute to a better understanding of thermal behavior of a material. 
The results obtained show that the increase in the percentages of fiber ALFA is beneficial for the improvement of 
the thermal properties. It makes the sample less effusif, and improves its thermal insulation including the energy 
economy. 
    In addition, the fiber alfa is abundant, environmentally, and in low cost. Another important advantage of fiber alfa 
is the lightness, we note that the addition of fiber alfa can make the sample more lightweight (an increase of 
lightness of 6℅ to 28℅).  
    Grace to these thermal characteristics, the material (alfa +clay) may therefore be an interesting alternative 
(compared to the brick classic clay alone uses to the rural area of northern Morocco) and who can wear a interest 
energy and economic for the region of northern Morocco. Work is being carried out to study the mechanical 
behavior of the new material.  
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